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, bells (Hawbecker 1939) , dogs (Howard 1974 ), confinement at night (Gier 1968 ) and during lambing (Early et al. 1974a,b) , and proper disposal of sheep carcasses (Boggess 1975) . Few studies have been conducted to determine the relative efficacy of these methods. This study evaluated the efficacy of several sheep-husbandry methods in reducing losses of sheep to coyotes in Kansas.
We acknowledge the assistance of the cooperating Kansas sheep producers who made this study possible. The study was financed by the Kansas Agricultural Experiment Station and the National Audubon Society.
western states, and predator abundance indices on the study area were equal to or exceeded the statewide average (Roughton 1975 (Roughton , 1976 . Topography of the area ranges from nearly level to strongly sloping or hilly, with most of the area considered gently rolling (Socolofsky and Self 1972). It is characterized by warm to hot summers (July mean temperature 19 C min., 32 C max.) and cold winters (January mean -6 C min., 5 C max.). Annual precipitation averages 72 cm, and occurs primarily in late spring and early summer (Flora 1948). Approximately 53% of the 9-county area was in wheat and grain sorghum production; hay and native pastureland comprised most of the remainder of the 22,132-km2 area.
The 9 counties ranked in the 17 top sheep-producing counties of Kansas, and contained approximately 40% of the Kansas sheep industry during the study period (Kansas State Board of Agriculture 1975 Agriculture , 1976 . Sheep production in the area was characterized by small to medium (50-300 stock sheep) farm flocks raised as a sideline to grain production; however, some operators had large farm flocks (300+ stock sheep), and sheep production was their principal source of income. Lambs were the primary crop, with wool production secondary.
METHODS

Management-data Collection
All individuals on the Kansas Sheep Association mailing list residing in the study area were contacted by mail and requested to participate in the study. The 109 who agreed to cooperate owned 49.9% of the sheep in the 9-county area, 19.0% of the sheep and lambs in Kansas ( (Table 1) better husbandry methods and accurate reporting of sheep losses by Kansas producers. We believe the personal contact with all cooperating sheep producers coupled with a monthly reporting system, which reduced reliance on the producers' memory, greatly increased the accuracy and reliability of the data gathered. Old age was the most commonly reported cause of death of stock sheep ( Fig.  1) , which is similar to findings of Reynolds and Gustad (1971) for Texas and Colorado. Lambing complications were the most common causes of deaths of undocked lambs (docking was usually done 2-4 weeks after birth) (Fig. 2) . Lambing complications included stillbirths, deaths due to abnormal fetus presentation during birth, and starvation due to mismothering or lack of milk in the mother. Disease was the most common cause of death of docked lambs (Fig. 3) 
Management Factors
The interaction of management factors must be appreciated as one reviews results of this study. It is highly unlikely that any single factor is completely independent of other factors. Attempts to conduct 1-way and 2-way analyses of variance on the data to measure interactions of management practices were unsuccessful because so many cells were empty. Thus, it was not possible to isolate the most important 3 or 4 management factors to reduce sheep loss to predators. A factor that could not be evaluated Variables within 6 management practices were significantly related (P < 0.05) to losses of sheep to coyotes: size of operation, disposal of sheep carcasses, lambing time, farm-dog ownership, distance to nearest town, and confinement practices (Table 3) . Each of the preceding management practices except disposal of sheep carcasses had variables that were significantly related (P < 0.05) to losses of sheep to dogs.
Total loss to predators per flock was greater for large than for small flocks (flocks <100 head lost 2.1 sheep and lambs; flocks of 100-299 head, 7.0; flocks >300 head, 10.1); however, rate of loss to coyotes and dogs decreased as flock size increased (Table 3) . Gier (1968) reported that sheep losses in Kansas were nearly proportional to flock size, Nielsen and Curie (1970) found no relation between flock size and rate of predation in Sheep losses to coyotes on farms <1.6 km from a town or settlement were less than the loss rate suffered by cooperators >8 km from a town or settlement (Table  3) . On the other hand, sheep losses to dogs on farms <1.6 km from a town or settlement were greater than the monthly loss rate >8 km from a town or settlement. Both relationships likely reflect predator densities, i.e., lower coyote populations and higher dog populations near human settlements. Because most doglivestock problems are attributed to uncontrolled pets (Denney 1974) , it is logical that they are more frequent near settled areas with higher pet populations. Rowley (1970) and Bowns (1976) both reported dogs were likely livestock problems near towns.
Four primary pasturing-confinement management schemes were used by sheep producers in the 9-county area: (1) flocks pastured day and night with no access to a corral, (2) flocks pastured in daytime and given access to a corral at night, (3) flocks pastured in daytime and confined to a corral at night, and (4) flocks confined to a corral day and night. The highest monthly rate of sheep loss to coyotes and dogs occurred in flocks pastured day and night with no access to a corral, and the lowest rate of loss was in flocks confined to corrals day and night (Table  3) Columbia-Rambouillet crosses constituted 79.1% of the ewes present in the 9-county study area, with multiple crosses or unknown breeds comprising 8.5%, and Suffolks 6.2%. No breed-related differences were detected in losses of ewes to coyotes or dogs. Of the rams on the study area, 77.8% were Suffolks, 13.0% were Hampshires, and 9.2% were other breeds. Flocks with different breeds of rams present experienced no difference in losses to coyotes or dogs. Likewise, no breed-related differences were detected in losses of lambs to coyotes or dogs. Al-though Gilbert (1973) suggested that breed of sheep may influence predator attacks, the sizes and behaviors of breeds of sheep on our study area apparently were similar enough to preclude any breed-related selection by predators.
Most cooperating sheepmen had no poultry on their farms. On farms with poultry production, no poultry husbandry-related (confined, unconfined, or a combination thereof) differences were detected in sheep losses to coyotes.
Of the 95 sheepmen who remained in the study 15 months, 24 (25.3%) hunted or trapped to control predators. The sheepmen practicing predator control killed an average of 5.4 coyotes and 0.4 dog each during the 15 months. Ten (41.7%) of the 24 cooperators practicing predator control stopped losses to predators by killing 1-3 "offending" animals; several others decreased losses by killing a few predators. Apparently, little incentive existed for producers to initiate preventive predator control, as less than 5% of the producers not experiencing losses to predators conducted predator control. Removing a small portion of the predator population, i.e., animals causing the damage, effectively reduces losses of sheep to predators (Gipson 1975 ). Henderson (1972) reported that 65% of the sheep producers initiating their own control program stopped losses to predators and others reduced losses substantially. Sampson and Brohn (1955) reported that Missouri farmers reduced losses to predators an average of 81% by initiating predator-control operations on their farms.
Pasture Practices
Most losses of sheep to predators occurred while the animals were on pasture. Of the 396 stock sheep and lambs killed by coyotes during this study, 318 (80.3%) were killed in pastures, and of the 111 stock sheep and lambs killed by dogs, 87 (78.4%) were killed in pastures.
As with management practices, caution should be used to avoid interpreting pasture characteristics as independent variables. Also, correlations between pasture variables and losses of sheep to predators do not necessarily imply cause-and-effect relationships. Variables within 6 pasture characteristics were significantly related (P < 0.05) to losses of sheep to coyotes: pasture-flock size, pasture size, vegetative type, height of vegetation in grass pastures, topography, and the presence or absence of streams (Table 4) . Variables within 7 pasture characteristics were significantly related (P < 0.05) to losses of sheep to dogs: each of the preceding except pasture-flock size plus vegetative height in sudan pastures and distance to nearest residence (Table 4) .
Although absolute numbers of losses to coyotes increased with flock size, rate of loss decreased (Table 4) . Flocks of >100 sheep had lower (P < 0.05) monthly loss rates to coyotes than flocks with <100 sheep. Flock sizes were not related to sheep and lamb losses to dogs.
As pasture size increased, rate of sheep loss to coyotes increased. Rate of loss of sheep to dogs relative to pasture size was not as clear as for coyotes (Table 4) related to rates of losses of sheep to coyotes, but was related to rate of losses to dogs (Table 4) . Sheep were grazed primarily on 3 types of pasture: grass (native or tame), sudan (forage sorghum), and wheat and rye. During this study, 48.7% of the sheep grazing was on grass, 19.8% on sudan, and 18.7% on wheat and rye. The remainder (12.8%) was on milo or wheat stubble and alfalfa. Pasture use was seasonal, with grass used primarily in May-September, sudan in July-September, wheat and rye in October-March, and milo stubble in October-December. Losses of sheep to coyotes were higher than expected on milo stubble, and lower than expected on sudan and wheat and rye pastures (Table 4) . Losses of sheep to dogs were higher than expected in flocks on sudan, and lower than expected in flocks on native and tame grass pastures. Losses of sheep to coyotes on different types of pasture reflected seasonality of food demand by the coyote population (high in late spring and summer) and exposure of the sheep on pastures. Losses were typically higher in summer and fall when sheep were pastured on grass, sudan, and milo stubble than during winter when sheep were on wheat and rye pasture.
Rate of loss of sheep to coyotes increased as height of grass cover increased (Table 4) . Rate of sheep losses to dogs was also highest in grass pastures when grass height was >30 cm. Rate of sheep loss to coyotes in sudan pastures was not related to height of cover, unlike predation by dogs. Losses of sheep to dogs was highest in sudan >75 cm tall.
Topography of pastures ranged from flat through gently rolling to rough. The highest monthly rate of sheep loss to coyotes and dogs occurred on flat pastures, and the lowest rate on gently rolling ground ( Several sheep producers used bells on some or all of their sheep to discourage predators. Use of bells was associated with 13.6% of the total sheep-months of exposure in pastures. No differences in losses of sheep to coyotes or dogs were detected between flocks with belled sheep and flocks without. Even though no sheep wearing a bell was killed by a predator during this study, the possible repelling value of a bell on a sheep is still unknown.
Because coyotes are most active between sunset and sunrise (Gipson and Sealander 1972 , Bowns et al. 1973 , Henne 1975 ), some sheep producers delay turning ewes with lambs out to pasture until well after sunrise (Gier 1968) . No differences were detected in sheep losses to coyotes or dogs among flocks turned out to pasture 1, 2, or 3 hours after sunrise. Likewise, no differences were detected in sheep losses to coyotes or dogs among flocks shut in 1, 2, or 3 hours 
Corral Factors
Only a small portion of the sheep and lamb losses were in corrals. Of the 396 stock sheep and lambs killed by coyotes during this study, 78 (19.7%) were killed in corrals, and of the 111 stock sheep and lambs killed by dogs, 24 (21.6%) were killed in corrals. Although interaction of corral characteristics no doubt occurred, variables within 3 corral characteristics were significantly related (P < 0.05) to losses of sheep to coyotes. These were the presence or absence of overhead lights, presence or absence of bells on corralled sheep, and confinement time (Table 5) . Variables within 1 corral characteristic were significantly related (P < 0.05) to losses of sheep to dogs: the presence or absence of overhead lights.
Forty-three (39.4%) of the sheep producers used lights over their corrals (34 used mercury-vapor lights and 9 used incandescent lamps). Losses of sheep to coyotes were higher from corrals without lights than from those with lights (Table  5) . Only 3 (3.8%) of the 78 sheep lost to coyotes were in corrals with lights, although more than 35% of sheep exposure was in corrals with lights. However, losses of sheep to dogs were higher from corrals with lights than from corrals without lights. The decreased losses of sheep to coyotes when lights were present exceeded by a factor of 4 the increased losses of sheep to dogs. Therefore, the net protection afforded a sheep flock by lights over a corral is substantial. Also, if coyotes or dogs begin to kill sheep in a lighted corral, the predator can be killed easily with a scope-sighted rifle at night. Installing mercury-vapor lamps over a corral for 100 sheep costs less than $500 (1980 dollars) and appears to be an effective, economical deterrent to predation.
No sheep were lost to predators from corrals in which bells were attached to 1 or more of the flock. Although the relationship for lack of sheep lost to coyotes was significant, that for dogs was not. This result may not be as important as it appears here, but certainly it is an inexpensive measure worthy of further evaluation.
More sheep were lost to coyotes when sheep were confined to corrals only at night than when they were confined day and night. Losses of sheep to dogs were Table 6 . Scent-line indices to coyote and dog abundance for 9 counties in south central Kansas, 1975- 
